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•  Transition  metal  d6  orbital  compounds:  C02AS 

We  explored  the  correlations  between  the  magnetic  and  structural 
properties  of  C02AS.  Isoelectronic  doping  on  the  pnictogen  site  has  revealed 
complex  magnetism  (Fig.  1-2)  correlated  with  structural  phase  transitions. 
Instead  of  suppressing  the  AFM  state  of  CoAs,  P-doping  in  Co2Asi-xPx 
enhances  the  magnetization  for  low  x  values  (x  <  0.04),  followed  by  an 
itinerant  ferromagnetic  state  (IFM)  at  intermediate  x  values  (0.04  <  x  < 
0.85)  and  an  enhanced  Pauli  paramagnetic  state  for  x  >  0.95. 


Fig.  1.  Co2AsxPx  (a)  lattice 
parameters  as  a  function  of  P 
content  x.  (b-e)  Magnetic 
susceptibility  for  three 
composition  ranges, 

corresponding  to  a  spin 
fluctuating  ferromagnetic  state 
(b),  an  itinerant  ferromagnetic 
region  (c-d)  and  a  Stoner 
enhanced  paramagnetic  state  (e). 
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Fig.  2:  Co2Asi-xPx  (a)  Electronic  specific  heat 
coefficient  yand  the  Rhodes-Wohlfarth  ratio  qc/qs- 
(b)  Phase  diagram  of  Co2Asi_xPx:  Tc  and 
Weiss-temperature  ( 9W )  as  a  function  of 
composition  x.  For  0.04<x<0.85,  the  compounds 
are  in  the  hexagonal  phase  and  exhibit 
ferromagnetic  behavior  (FM).  Above  TCl 
compounds  show  Curie-Weiss-like 

paramagnetism  (CWPM).  For  0.95<x<l,  the 
compounds  show  Pauli  paramagnetism  (PPM).  The 
gray  region  indicates  the  mixed  phases  region. 
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•  Large  magnetoresistance  in  intercalated  transition  metal 
dichalcogenides:  Fe0.2sTaS2 

Magnetic  moments  intercalated  into  layered  transition  metal 
dichalcogenides  are  an  excellent  system  for  investigating  the  rich  physics 
associated  with  magnetic  ordering  in  a  strongly  anisotropic,  strong 
spin-orbit  coupling  environment.  We  examined  the  electronic  transport  and 
magnetization  in  Feo.2sTaS2,  a  highly  anisotropic  ferromagnet  with  a  Curie 
temperature  of  ~  68.8  K.  Despite  an  ordering  temperature  nearly  half  that 
in  the  superstructure  analogue  Feo.2sTaS2,  Feo.2sTaS2  showed  a  remarkably 
large  magnetoresistance  MR  ~  60%,  a  nearly  two  orders  of  magnitude 
increase  from  the  MR  ~  1%  in  the  ordered  compound.  Both  the 
magnetization  and  transport  properties  are  nearly  insensitive  to  the  sample 
thickness  down  to  ~  lOOnm.  The  anomalous  Hall  data  confirmed  a 
dominance  of  spin-orbit  coupling  in  the  magnetotransport  properties  of  this 
material,  correlated  with  the  large  MR,  much  larger  than  the  typical  values 
for  bulk  metals,  and  comparable  to  state-of-the-art  giant  MR  in  thin  film 
heterostructures,  and  smaller  only  than  colossal  MR  in  Mn  perovskites  or 
high  mobility  semiconductors.  After  considering  alternative  scenarios  (AMR 
or  an  analog  of  GMR  due  to  domain  structures),  we  argued  that  the  large  MR 
was  due  to  spin-disorder  scattering  in  the  strong  spin-orbit  coupling 
environment,  and  suggested  that  this  could  be  a  design  principle  for 
materials  with  large  MR. 
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Fig.  3.  Fe0.28TaS2:  MR  of  (a)  bulk  and  (b) 
exfoliated  samples  at  selected  temperatures 
for  H  ||  c,  and  the  current  i  1 1  ab  (lines), 
compared  with  the  values  for  Fe0.25TaS2 
(open  symbols),  (c)  Comparison  of  the 
switching  field  Hs  and  MR  as  a  function  of 
temperature  for  bulk  (solid  symbols)  and 
exfoliated  (open  symbols)  samples. 
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•  Chemical  tuning  of  electrical  transport  in  Tii-xPtxSe2-y 

Intercalation  of  TiSe2  with  various  non-magnetic  transition  metals 
pointed  to  very  complex  electrical  transport  properties  in  this  system, 
including  multiple  charge  density  wave  transitions,  superconductivity  etc. 
We  used  chemical  control  parameters  to  study  their  effects  on  the  transport 
properties  of  TiSe2. 

In  addition  to  intercalation,  doping  and  chalcogen  deficiency  are 
possible  chemical  tunning  parameters  in  these  systems.  We  focused  on  the 
effects  of  Pt  substitution  forTi  and  Se  deficiency,  separately  and  together,  in 
Tii-xPtxSe2-)/.  The  resulting  electrical  resistivity  was  found  t  vary  over  more 
then  10  orders  of  magnitude  between  the  most  insulating  state  (when  x  >  0, 
y=0)  to  the  most  metallic  state  (y  >  0):  Se  deficiency  (y  >  0)  increased  the 
metallic  character  of  TiSe2,  while  a  large  increase  of  the  low-temperature 
resistivity  was  favored  in  the  stoichiometric  (y  =  0)  system  with  intercalated 
Pt  (x  >  0).  The  chemical  tuning  of  the  resistivity  in  Tii-xPtxSe2-y  with  Se 
deficiency  and  Pt  doping  resulted  in  a  metal-to-insulator  transition. 
Simultaneous  Pt  doping  and  Se  deficiency  (x,y  >  0)  confirmed  the 
competition  between  the  two  opposing  trends  in  electrical  transport,  with 
the  main  outcome  being  the  suppression  of  the  charge  density  wave 
transition  below  2  K  for  y  =  2x  =  0.18.  Band  structure  calculations  on  a 
subset  of  Tii-X  PtxSe2-y  compositions  were  in  line  with  the  experimental 
observations. 


Fig.  4:  Tii-xPtxSe2-y  Scaled 
electrical  resistivity  for  (a)  x 
=  0  (no  Pt),  (b)  y=  0  (no  Se 
deficiency),  and  (c)  y  =  2x. 
(d)  The  high  temperature 
gap  increases  monotonously 
with  increasing  amounts  of 
doped  Pt. 
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•  Topological  metal  behavior  in  GeBi2Te4  single  crystals 

Pseudobinary  chalcogenide  compounds  such  as  Bi2Se2Te  (BiTe-BiSe2) 
or  GeBi2Te4  (BeTe-B^Tes)  have  been  theoretically  predicted  to  be  3D 
topological  insulators.  In  particular  the  latter  compound  posed  an 
unresolved  controversy,  given  that  ARPES  measurements  indicated  the 
presence  of  a  Dirac  point  below  the  Fermi  energy,  while  first  principle 
calculations  placed  the  Dirac  point  inside  the  gap.  Our  study  on  high  quality 
single  crystals  revealed  a  small  structural  distortion  of  the  Ge  octahedral, 
which  has  a  great  impact  on  the  Fermi  surface  topology.  The  result  is  the 
shift  of  the  Dirac  point  below  the  Fermi  level,  rendering  GeBhTe4  as  a 
nontrivial  topological  metal,  in  agreement  with  the  ARPES  results. 


Fig,  5  GeBi2Te4:  Calculated 
band  structure  based  on  the 
calculated  (left)  and 
experimental  (right)  structural 
models. 
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•  Strong  magnetic  coupling  in  the  hexagonal  /?sPb3  compounds  (R 
=  Gd-Tm):  Remarkably  high  ordering  temperatures  were  found  in  the 
KsPbs  compounds,  with  Curie  temperature  close  to  room  temperature  in  the 
R  =  Gd  member  of  the  series.  For  all  /?sPb3  reported  here  the  Weiss 
temperatures  Qw  are  several  times  smaller  than  the  ordering  temperatures 
Tord,  which,  together  with  the  multiple  magnetic  transitions  in  most  of  these 
compounds,  indicate  very  large  anisotropic  exchange  and  crystal  electric 
fields. 


Fig.  6:  R5Pb3  Ordering 
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rare  earth) 

-  the  discovery  of  enhanced  itinerant  magnetism  in  Co2As1  -xPx,  with  the  magnetic  properties  tuned  by 
structural  phase  transitions. 
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